Introduction
============

Uremic pruritus is a common problem seen in hemodialysis patients with prevalence ranging from 51% to 81%;[@b1-ccid-12-109],[@b2-ccid-12-109] it has been associated with a negative impact on patients' quality of life.[@b3-ccid-12-109]

The pathophysiological process of pruritus associated with chronic kidney disease remains not fully elicited;[@b4-ccid-12-109] however, several theories have been suggested such as systemic inflammatory process, parathyroid hormone elevation, calcium and phosphorus disequilibrium, an imbalance in opiate receptors agonist, and a neuropathic process.[@b5-ccid-12-109] Neurotrophins are a group of neurological mediators that have a role in pruritic skin diseases.[@b6-ccid-12-109],[@b7-ccid-12-109]

Aim of the study
================

The aim of the present work was to evaluate the serum levels of neurotrophin-4 (NT-4), brain-derived nerve growth factor (BDNF), serum calcium, phosphors and parathyroid hormone in uremic patients with pruritus under regular hemodialysis who are complaining of chronic pruritus.

Patients and methods
====================

The present study is cross-sectional case--control comparative study that was carried out between October 2017 and March 2018. This study was conducted in Renal Dialysis Unit, Dermatology and Microbiology Departments, Benha University Hospitals, Benha, Egypt, after approval by Ethics Committee for Human Research, Faculty of Medicine, Benha University, Egypt and was conducted in accordance with the Declaration of Helsinki. All the participants had given a written informed consent before enrollment in the current study. Study population: this study enrolled 180 participants older than 18 years of age who were divided into three equal groups -- Group A included 60 patients under regular hemodialysis complaining of chronic pruritus, Group B included 60 patients under regular hemodialysis not complaining of chronic pruritus, while Group C included 60 normal individuals, who were both sex and age matched and not complaining from either any pruritic or systemic diseases.

Uremic patients under regular hemodialysis and complaining of chronic itching that not improved under regular hemodialysis were included in this study. Both uremic patients with pruritus and without pruritus were under regular hemodialysis (three sessions per week), for more than 6 months duration. Subjects with either chronic hematological disease, hepatic, pregnant, endocrinal disorders, other itchy skin disease, psychiatric disorder or under chemotherapy treatment were not included in this study.

A complete medical history was taken from patients including cause of renal failure, duration of hemodialysis, pruritus intensity, effect of hemodialysis on pruritus and previous treatment of pruritus.

An examination of the patients was done to exclude any primary itchy skin lesions and determine pruritus severity. Pruritus severity was determined using 5-D itch scale (5D-IS).[@b8-ccid-12-109]--[@b10-ccid-12-109] 5D-IS is multidimensional questionnaire containing five dimensions (degree, duration, direction, disability and distribution) and can assess impact of itch on quality of life. The duration, degree and direction domains each included one item, while the disability domain had four items. The first four domains are measured on a 5-point Likert scale. The distribution domain included 16 potential locations of itch and sum of 2 points equals 1 point.[@b8-ccid-12-109]

Patients with 5D \<15 score were excluded from this study, as the pruritus severity was mild and may be to other causes than uremia. The 5D-IS was measured before the beginning of the dialysis session on the same day of blood sampling.

Patients were classified according to the severity of pruritus into three groups: moderate group (5D score from 10 to 15), severe group (5D score \>15--25) and very severe group (5D score \> 25).

Laboratory investigations
-------------------------

Complete blood picture, ESR, serum bilirubin, calcium, phosphorus, blood creatinine and parathyroid hormone measuring were done prior to hemodialysis session.

Ten-milliliter blood samples of patients (before hemodialysis session) and controls were withdrawn from an antecubital vein into the anticoagulant-free biochemical tubes in the morning after regular overnight sleep. Blood samples were centrifuged at 4,000 rpm for 5 minutes after complete clotting. The obtained serum was stored at −80°C until assayed. Serum levels of BDNF and NT-4 were measured by ELISA by available kits (Aviscera-Bioscience, Santa Clara, CA, USA, and DuoSet, R&D Systems, Minneapolis, MN, USA, respectively).

Statistical analyses
--------------------

The independent *t*-test was used to compare the numerical data of normally distributed variables, while categorical variables differences were analyzed with chi-squared test. Spearman correlation was used to examine correlations. If the *P*-values were ≤0.05, it was considered significant. The statistical analysis was achieved using the SPPS^®^ program for Microsoft Window 7^®^.

Results
=======

This study included 180 participants. Their demographic data are summarized in [Table 1](#t1-ccid-12-109){ref-type="table"}. There was no significant differences regarding age, sex or BMI (*P*=0.1448, 0.935, 0.082, respectively). In addition, there was no significant differences regarding serum calcium or phosphors level (*P* =0.261, 0.409, respectively). Control participants had a higher hemoglobin level than uremic patients with a significant difference (*P*\<0.0001). Results of this study showed significant elevations of parathyroid hormone (*P*\<0.0001), urea (*P*\<0.0001), creatinine (*P*\<0.0001), NT-4 ((*P*\<0.0001) and BDNF (*P*=0.0029) in uremic patients than control ([Table 1](#t1-ccid-12-109){ref-type="table"}).

Comparing uremic patients with pruritus vs without pruritus, there were no significant differences found regarding age, sex, BMI, hemoglobin, serum parathyroid hormone, calcium, phosphorus, urea, creatinine or duration of hemodialysis (*P*=0.999, 0.855, 0.83, 0.33, 0.905, 0.816, 0.882, 0.4933, 0.0967, 0.266, respectively, [Table 2](#t2-ccid-12-109){ref-type="table"}). Serum NT-4 was higher in uremic patient with pruritus vs nonpruritic uremic patients with a significant difference (*P*=0.0026). Serum BDNF was higher in uremic patients with pruritus vs nonpruritic uremic patients; however, it was nonsignificant (*P*=0.1215) ([Table 2](#t2-ccid-12-109){ref-type="table"}).

According to uremic patients with pruritus 5D score, the moderate group included 18 patients, severe group included 19 patients while very severe group included 23 patients with 5D score \>25. There was a significant difference regarding NT-4 serum level between the three subgroups (*P*=0.0458) and there was no significant difference regarding BDNF (*P*=0.6523) ([Table 3](#t3-ccid-12-109){ref-type="table"}).

Using Pearson correlation analysis, there was a positive significant correlation between serum NT-4 and severity of pruritus (*r*=0.385, *P*=0.024), while there were no significant correlations between severity of pruritus and other variables (*r*=0.642, *P*=0.056) ([Table 4](#t4-ccid-12-109){ref-type="table"}; [Figure 1](#f1-ccid-12-109){ref-type="fig"}).

Discussion
==========

Pruritus is a common complaint and it has distressing impact on the uremic patients.[@b11-ccid-12-109] Several hypothesis have emerged to explain etiopathogenesis of uremic pruritus that includes immunological, endocrinal, neurological and skin-mediated pathways.[@b12-ccid-12-109]

Neurotrophins are nerve growth and trophic factors including neurotrophin-3 (NT-3), NT-4/5, BDNF and nerve growth factor.[@b13-ccid-12-109] Both NT-4 and BDNF share the same receptors, tyrosine kinase receptor trkB and the p75 neurotrophin receptor.[@b14-ccid-12-109]

Serum level of BDNF is varied in hemodialysis patients. Several studies showed it lower,[@b15-ccid-12-109],[@b16-ccid-12-109] equal,[@b17-ccid-12-109] while others showed higher level than normal subjects.[@b18-ccid-12-109]

The exact BDNF source of origin in circulation is unknown,[@b19-ccid-12-109] but BDNF can be found in the circulatory system, such as in serum and platelets.[@b20-ccid-12-109],[@b21-ccid-12-109] BDNF has the ability to cross blood--brain barrier,[@b22-ccid-12-109] and its serum level can reflect CNS concentration.[@b23-ccid-12-109]

The current study showed that serum BDNF is elevated in uremic patients than control but not between uremic with pruritus vs nonpruritic patients. This elevation may facilitate the function of other factors that have roles in pruritus. Chronic pruritus may be due to defect in peripheral sensory pathway, cortical hypersensitivity, low cortical inhibitory mechanisms or noneffective spinal cord inhibitory mechanism.[@b24-ccid-12-109] BDNF has multiple effects on sensory nerves and CNS, which may facilitate its role in pruritus. BDNF, through its action on p75 neurotrophin the tropomyosin-related kinase (Trk) family of receptors, promotes axon elongation and branching of sensory neurons,[@b25-ccid-12-109] synapse formation and stabilization,[@b19-ccid-12-109] synaptic efficacy and synaptic plasticity.[@b26-ccid-12-109] This explains the cardinal role of BDNF in initiating and/or sustaining the hyperexcitability of the CNS.[@b27-ccid-12-109] In addition, BDNF can induce state of allodynia, which facilitates pruritus.[@b28-ccid-12-109] At dorsal root ganglion level, BDNF has a role in maintaining activation of the dorsal horn through NR2B-containing *N*-methyl [d]{.smallcaps}-aspartate receptors.[@b29-ccid-12-109]

Results of the present study showed an elevation of serum level of NT-4 in uremic patients with pruritus with direct significant correlation with severity of pruritus than both nonpruritic uremic patients and control participants. NT-4 is more potent than BDNF in neurological effects.[@b30-ccid-12-109] This may explain its effect in uremic pruritus. Both NT-4 and BDNF are elevated in chronic itchy skin disease.[@b31-ccid-12-109]--[@b34-ccid-12-109] However, serum level of BDNF is more affected by mood and cognitive function, which are common in uremic patients than NT-4.[@b35-ccid-12-109],[@b36-ccid-12-109] Although the BDNF is not significantly elevated in uremic patients with pruritus in this study; it may be due to low number of included patients. A further study on a larger number may be needed to rule out its role in uremic pruritus.

Limitations
===========

Patients under peritoneal dialysis were not included in this study.

Conclusion
==========

Serum level of NT-4 is elevated in uremic pruritus patients and may have a role on the hyperexcitability of nerves system in uremic pruritus.
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###### 

Clinical and laboratory data of the participants

                        Group A n=60             Group B n=60             Group C n=60   *F*             *P*-value
  --------------------- ------------------------ ------------------------ -------------- --------------- -----------
  Age (years)           51±10                    46±17                    47±16          1.95            0.1448
  Sex (male/female)     28/32                    29/31                    27/33          χ^2^=0.134      0.935
  BMI (kg/m^2^)         23.3±4.5                 22.4±5.1                 24.5±5.7       2.54            0.082
  Hemoglobin (g/dL)     8.7±1.8                  8.9±1.7                  12.3±2.3       64.52           \<0.0001
  Calcium (md/dL)       7.9±1.6                  7.3±1.9                  7.5±2.5        1.35            0.261
  Phosphors (mg/dL)     5.9±1.6                  6.2±1.8                  6.3±1.7        0.898           0.409
  Parathyroid (pg/mL)   498±333.6                518±389.5                51.4±12.6      47.6            \<0.0001
  Urea (mg/dL)          164.7±47.9               170.5±44.5               24.6±12.4      277.4           \<0.0001
  Creatinine (mg/dL)    6.4±2.9                  7.2±2.3                  0.3±0.5        205.20          \<0.0001
  NT-4 (pg/mL)          7.32±4.2                 5.04±3.91                3.07±2.65      20.38           0.0001
  BDNF (pg/mL)          3.29±3.11                2.54±2.05                1.9±1.6        6.046           0.0029
                        **Group A vs Group C**   **Group B vs Group C**                                  
                        ***t***                  ***P*-value**            ***t***        ***P*-value**   
  NT-4 (pg/mL)          6.63                     \<0.0001                 3.23           0.0016          
  BDNF (pg/mL)          3.079                    0.0026                   2.204          0.0294          

**Notes:** Group A: uremic patients under regular hemodialysis with pruritus; Group B: uremic patients under regular hemodialysis without pruritus; Group C: normal controls. Comparison between the three groups was done by ANOVA test, while comparison between the two groups was done by simple statistical analysis *t*-test. *P*≤0.05 is significant, while \>0.05 is nonsignificant.

**Abbreviations:** BDNF, brain-derived nerve growth factor; BMI, body mass index; NT-4, neurotrophin-4.

###### 

Comparison between uremic patients with pruritus vs uremic patients without pruritus

                                      Group A      Group B      *t*          *P*-value
  ----------------------------------- ------------ ------------ ------------ -----------
  Age (years)                         51±10        46±17        1.96         0.999
  Sex (male/female)                   28/32        29/31        χ^2^=0.033   0.855
  BMI (kg/m^2^)                       23.3±4.5     22.4±5.1     1.025        0.83
  Hemoglobin (g/dL)                   8.7±1.8      8.9±1.7      0.626        0.33
  Calcium (mg/dL)                     7.9±1.6      7.3±1.9      1.871        0.905
  Phosphors (mg/dL)                   5.9±1.6      6.2±1.8      0.965        0.816
  Parathyroid (pg/mL)                 498±333.6    518±389.5    0.302        0.882
  Urea (mg/dL)                        164.7±47.9   170.5±44.5   0.687        0.4933
  Creatinine (mg/dL)                  6.4±2.9      7.2±2.3      1.674        0.0967
  NT-4 (pg/mL)                        7.32±4.2     5.04±3.9     3.081        0.0026
  BDNF (pg/mL)                        3.29±3.11    2.54±2.05    1.56         0.1215
  Duration of hemodialysis (months)   49±43        41±35        1.118        0.266

**Notes:** Comparison between the two groups was by simple statistical analysis *t*-test. *P*≤0.05 is significant, while \>0.05 is nonsignificant.

**Abbreviations:** BDNF, brain-derived nerve growth factor; BMI, body mass index; NT-4, neurotrophin-4.

###### 

Serum level of NT-4 and BDNF according to the severity of pruritus by 5D score

         Moderate (5D score 10--15) n=18   Severe (5D score \>15--25) n=19   Very severe (\>25) n=23   *F*      *P*-value
  ------ --------------------------------- --------------------------------- ------------------------- -------- -----------
  NT-4   5.6±2.3                           6.2±4.9                           8.9±5.3                   3.257    0.0458
  BDNF   2.9±1.9                           3.2±2.7                           3.7±3.4                   0.4304   0.6523

**Notes:** Comparison between the three groups was done by ANOVA test, while comparison of the two groups was by simple *t*-test. *P*≤0.05 is significant, while \>0.05 is nonsignificant.

**Abbreviations:** BDNF, brain-derived nerve growth factor; NT-4, neurotrophin-4.

###### 

Correlations between severity of pruritus and different variables

                             *r*       *P*-value
  -------------------------- --------- -----------
  Age                        0.175     0.528
  Sex                        0.0191    0.33
  Duration of hemodialysis   --0.122   0.64
  BMI                        --0.242   0.23
  Hemoglobin                 0.016     0.932
  Parathyroid                0.024     0.897
  Urea                       0.124     0.54
  Creatinine                 0.085     0.683
  Calcium                    0.163     0.754
  Phosphorus                 0.287     0.239
  NT-4                       0.385     0.024
  BDNF                       0.642     0.056

**Notes:** r, Pearson correlation coefficient. *P*≤0.05 is significant; *P*\>0.05 is nonsignificant.

**Abbreviations:** BDNF, brain-derived nerve growth factor; BMI, body mass index; NT-4, neurotrophin-4.
